Context. Recent observations suggest that X-ray plasma ejections can drive coronal shocks and metric type IIs that are also generated in close association with the X-ray erupting features. Aims. The physical relationship between the plasma ejections and metric type II radio bursts are studied by analyzing the characteristics of ejecta and type IIs. Methods. We present the first comprehensive analysis of a set of 18 events of X-ray plasma ejections associated with coronal shocks inferred from metric type II radio bursts. For this study, we have utilized a list of 137 limb X-ray plasma ejection events and multiwavelength observations from GOES X-ray, Yohkoh SXT, SOHO/LASCO, and SOHO/EIT. Results. (i) type IIs are reported only for about 15% of the 137 limb ejections; (ii) there exists a close temporal relationship among the starting time of type IIs, the hard X-ray flare peak, and the ejecta time; (iii) there exist negative correlations between X-ray loop length and starting frequency, and between the ejecta height and starting frequency of type IIs; (iv) the type II formation height computed using the starting frequency and 1 × Newkirk electron density model is in close association with or above the height of X-ray ejecta; and (v) while there is no correlation between the speeds of type II and ejecta, there seems to be a weak correlation between the speeds of type II and CME. Conclusions. Though the results suggest that some type IIs are generated in close association with the X-ray erupting features, it is not likely that X-ray plasma ejections are the main drivers of all coronal shocks and metric type II radio bursts due to the absence of correlation between both speeds and mostly sub-Alfenic speeds of the ejections.
Introduction
X-ray plasma ejections are one of the most interesting phenomena observed by the Soft X-ray Telescope (SXT, Tsuneta et al. 1991) aboard Yohkoh. With high temporal coverage and resolution of Yohkoh, X-ray plasma ejections are often observed outside main flare loops in SXT images, especially around the impulsive phase of flares. Since the launch of Yohkoh in 1991, several studies of X-ray plasma ejections have been carried out, mainly focussing on the relation to magnetic reconnection (e.g., Shibata et al. 1995; Yokoyama & Shibata 1996; Ohyama & Shibata 1998; Karlicky 2004; Vrsnak et al. 2004) . Type II bursts are the important probes of the magnetohydrodynamic (MHD) shocks generated by flares and/or coronal mass ejections (CMEs) in the solar corona (cf. Nelson & Melrose 1985) . Both the X-ray and radio observations are the necessary information regarding the eruption near the solar surface to study the physical relation between X-ray flares and type II shocks (Stewart 1977; Aurass et al. 1994) . Despite the debate on the sources (flares or CMEs) of type IIs (Shanmugaraju et al. 2003a,b) , recently, there have been reports (Gopalswamy et al. 1997 (Gopalswamy et al. , 1999 (Gopalswamy et al. , 2001 ) that proposed the possibility of X-ray ejecta as the driver of the coronal shock wave. In three different studies, they studied three events (on 1994 July 31, 1993 April 30, 1996 January 13) using both X-ray and radio observations. The latter workers identified the fact that X-ray ejecta in these events were fast enough to drive the coronal shock waves inferred from metric type II radio bursts.
On the other hand, the relation between early signatures in the type II radio spectrum and the features in the soft and hard X-ray imaging observations is established in a few independent events (Klassen et al. 1999a,b; Khan & Aurass 2002; Klassen et al. 2003) . That is, it has been found that the type II radio bursts are generated in association with and above the expanding soft X-ray loops.
In this regard, a comprehensive study on the X-ray imaging observations and metric type II radio observations is essential to understand the relation between them. We analyze a set of 18 events for which both the Yohkoh SXT observations and radio observations are available. Our main aim is to study the physical relationship between X-ray plasma ejections and metric type II bursts. For this study, we have utilized the multi-wavelength observations from GOES X-ray, Yohkoh SXT, SOHO/LASCO, and SOHO/EIT.
In the next section, we describe the data analysis. In Sect. 3, results and discussion are given. In Sect. 4, a brief conclusion is presented.
Data analysis
Out of 137 X-ray plasma ejections reported during the period 1999 April to 2001 March by Kim et al. (2005a) , we have collected a sample of 20 events for which type II radio bursts were reported in Solar Geophysical Data. There are no reports of type IIs for the remaining 117 events. From this list of 20 events, finally we obtained 18 events for which all the data were available. Table 1 gives the details of the 18 type II bursts associated with X-ray plasma ejections: date of observation is given in the first column; the data corresponding to the type IIs (start time and end time) are given in Cols. 2−3; X-ray flare information (class, start time, end time, and location) are given in Cols. 4−8; CME data (first appearance time in LASCO C2, width and position angle (PA) in degrees, and speed in km s −1 ) are given in Cols. 9−12.
Results and discussion
Using the Yohkoh SXT and HXT flare mode observational data, Kim et al. (2005a) selected a sample of 137 X-ray plasma ejections and studied their association with CMEs. Also Kim et al. (2004) examined the morphology of these plasma ejections according to their shape and compared their physical properties. All the 137 events were limb events whose longitudes are larger than 60
• . A subset of 43 among 137 ejections were found to be well observed, bright, and are mostly loop like ejections. In this paper, we have studied the association between X-ray plasma ejections and metric type II radio bursts. We have found that for about 15% (20/137) ejections, type II radio bursts were reported by many observatories. Then we have studied the physical characteristics of 18 X-ray plasma ejections that are associated with the type II bursts. Most of these 18 events are in the subset of well observed bright events. Out of 18 events 12 are loop-like ejections, 5 are spray type ejections, and 1 is jet type ejection. These ejections do not correspond to the impulsive phase, unlike those studied by Shibata et al. (1995) and Nitta & Akiyama (1999) . Also the temporal relation of the ejection and the type II burst has varieties. In addition, the relation between the characteristics of plasma ejections and of type II bursts are analyzed. Table 2 gives the details of the 18 type II radio bursts and their associated X-ray plasma ejections: date of observation is given in the first column; the data corresponding to the type IIs (start time, end time, starting frequency in MHz, speed using 1 × Newkirk model) are given in Cols. 2−5; X-ray plasma ejection information (ejecta time, speed, final ejecta height in solar radii, half loop length in the units of 10 5 km and remarks about the times and resolution of the SXT images used to calculate the speed) are given in Cols. 6−10.
X-ray plasma ejections
Most of the ejecta associated with type II bursts have wellidentified X-ray features. For example, the X-ray imaging observations of two events are shown in Fig. 1 One can see the timing sequence of the expanding X-ray features in these images. Using the high time resolution flare mode data, the characteristics such as ejecta time and speed were already determined by Kim et al. (2005a) . We have determined the characteristics such as final height and half loop length of these ejections. The ejecta height varies in the range 1.05−1.4 solar radii, and the half loop length varies in the range 1.0−3.60 × 10 5 km. Hard X-ray flares are reported for all these events and their peak times nearly coincide with the ejecta times.
Radio emissions
Metric type II radio bursts are reported mainly in a frequency range of 30−200 MHz except for two events (000618, 001206). These type IIs were reported by several observatories in the world in Solar Geophysical Data (ftp://ftp.ngdc.noaa.gov/STP/SOLAR_DATA). Each event was reported by many observatories. It should be noted that identification of a type II in a complex dynamic spectrum is difficult and depends on the subjectivity of an individual observer. If there were many reports for one event, we have considered the report of highest frequency because we wanted to estimate the type II formation height. Mainly, we have considered the information of type IIs (for example, starting frequency) identified and reported by them. An example of analysis of the dynamic spectrum is given in Sect. 3.5. Observation of both the fundamental and harmonic bands were reported for many events. In these cases, we have considered the harmonic band for our analysis because the harmonic band is clearly visible than the fundamental in most of the dynamic spectra. In few cases in which the identification was not mentioned, we have considered them as harmonic because of the aforementioned reason. The starting frequency of harmonic band was divided by two in all the cases for the calculation of type II height and speed. Most of the type IIs start during the impulsive phase of the X-ray flares (between start and peak times of flares). Out of 18 events, there are reports (http://sunkl.asu.cas.cz/∼radio/info.htm) of decimetric radio emissions for 10 events within the frequency range 800−4500 MHz. These decimetric emissions started after the start of the X-ray flare and ended before the start of metric radio emissions. The simultaneous occurrence of these emissions is in agreement with the propagation of eruptive features from the solar surface towards the outer corona. 
Relation between type II radio bursts and plasma ejections
The start times of type II bursts are compared with the other associated X-ray features. We found the time delay between the following events: type II start -hard X-ray flare peak time; type II start -ejecta time; and type II start -soft X-ray flare peak time. The delays are found to be within −20 to 20 min as shown in Figs. 3a,b , and d. These results imply that all the above phenomena occurred very closely in time. More importantly, the hard X-ray peak and ejecta time correspond well with the type II start as seen in Figs. 3a and b . On the other hand, the time delay between type II start -X-ray flare start lies between 0 to 20 min (see Fig. 3c ).
Further, vis-a-vis the relation between the flare rise time and starting frequency, it was suggested by Vrsnak (2001) that, if the flare rise time is small, the starting frequency should be high (Shanmugaraju et al. 2003a) . Regarding this study, we considered only events for which loop length measurements are possible (see Table 2 ) and starting frequency is below 250 MHz. As a result we got only 12 events, and only these events are plotted in Figs. 4 and 5. The result of Vrsnak (2001) is clearly seen in our sample as shown in Fig. 4a . Also a weak positive correlation (50%) is found (Fig. 4b) between the flare rise time (T rise in min) and half loop length (L in km).
These results imply that there should be some relation between starting frequency of type II bursts and X-ray loop length. Motivated by these results, we studied the correlation between ejecta height and starting frequency (Fig. 5a) , and, loop length and starting frequency (Fig. 5b) . As seen in these figures, there exists an inverse relation between the starting frequency and ejecta height or loop length. That is, the greater the X-ray loop length, the smaller the starting frequency of type IIs. In the solar corona, the electron density decreases with respect to altitude (Newkirk 1961) ,
where N o = 4.2 × 10 4 cm −3 , m is the density multiplier, and R is one solar radius.
The plasma frequency is related with electron density as
It is widely accepted that the observed radio emission is equal to the plasma frequency in the corona. Hence, greater loop length or higher ejection height means lower density and, so, lower plasma frequency. The above result is in agreement with the recent results of Klassen et al. (2003) that the type II onset is associated with the expanding soft X-ray loops. Using the relations, Eqs. (2) and (3) between frequency and density, we can derive a relation for type II formation height as,
Relation between type II, CME and ejecta heights
We have computed the type II formation height using the starting frequency for 1 × Newkirk model. For two events, 000618 and 001206, the type II starting frequency were reported unusually high (650 MHz and 800 MHz, respectively). We neglected these two events for this analysis. The type II formation heights are plotted against the ejecta heights in Fig. 6a . As seen in this figure, the ejecta height range (1.05−1.4 R ) lies within the type II formation height range (1.05−1.7 R ) calculated using 1 × Newkirk model. In addition, the type II formation height is plotted against the CME height as shown in Fig. 6b . The height . Relationship between a) ejecta height and type II formation height, and b) CME height at the time of type II start and type II formation height (type II formation height is determined using 1 × Newkirk model).
of the CME at the time of type II start is determined using the relation,
where H o is the height at which the CME was first detected in LASCO C2, and δt = T CME − T type II , is the time difference between the time of first observation of CME in LASCO C2 and the time of type II start. It is interesting to note the weak correlations between the type II formation height with both the ejecta height and CME height.
Relation between type II, CME and ejecta speeds
As given in Table 1 , there are CME reports for all the events except one. The minimum width of the CME is 40
• . The CME speeds are within 316−1476 km s −1 whereas the ejecta speeds are within 22−2552 km s −1 . Only 6 out of 18 ejecta have speeds greater than 400 km s −1 . In order to study the relation between the speeds of type IIs, ejecta and CMEs, we have computed the speed of type II shocks using the relation (Cho et al. 2005) ,
The type II speeds are calculated in the following way. First, the type II formation height is evaluated from Eq. (4) using the fundamental starting plasma frequency and 1 × Newkirk model. For example, the type II event on 990403 is shown in Fig. 7 . Here, the harmonic band (reported by Culgoora in the frequency range 180−40 MHz during 2307−2317 UT) is clearer than the fundamental. The type II formation height corresponding to the fundamental starting plasma frequency of 90 MHz is found to be 1.28 R . Second, an average drift rate is determined from the starting and ending frequencies, and the time duration of type
For example, an average drift rate of 0.23 MHz s −1 is estimated for the same event in the above frequency range and time duration. Third, the type II speeds are estimated utilizing these values in Eq. (6). It is estimated as 594 km s −1 for the above event. They are compared with both the ejecta speed and CME speed (Figs. 8a and b) . As seen in these figures, while there is no correlation between type II and ejecta speeds, a weak correlation (r = 0.3) is found between type II and CME speeds. Also, we found no correlation between ejecta and CME speeds in this subset of 18 events as recently pointed out by Kim et al. (2005b) for all 137 events. As discussed by Kim et al. (2005b) , major accelerations of X-ray plasma ejections usually occur in the hard X-ray flaring time. Thus, it is not likely that that such a "no correlation" situation can become a "good correlation". The absence of correlation between type II speed and ejecta speed may be partially attributed to several assumptions in estimating the type II speeds and to the fact that the X-ray plasma ejections (XPEs) are the erupting features in the low corona.
It is also important to mention the significant uncertainties in the measurements, especially the speeds of type IIs, ejecta and CMEs. First, it appears that the measured speed of an ejection tends to be low when it is observed only late in the flare (For example, the events on 990508, 990716). Also, it appears that one sees only internal structures of the ejection in the 1999 July 25 event ( Fig. 1) with the front possibly having been formed at higher altitudes. This may be a reason the speed of this event is low, although well measured. Even after removing these events, we found no correlation between the type II and ejecta speeds. In the case of X-ray plasma ejections, we used half and quarter resolution images of Yohkoh flare mode data. After several trial measurements, we estimated the height error to be about 5 for quarter-resolution image and about 2.5 for half-resolution image. Since the time interval between successive images that we considered is about 50 s, the speed errors can be estimated as about 150 km s −1 for quarter-resolution and about 75 km s −1 for half-resolution, respectively.
Second, the type II speeds are quite different depending on the density model. For example, when we utilized a different density multiplier (m = 2), we found an average of 20% deviation between the speeds corresponding to two different density models (1 × Newkirk and 2 × Newkirk). An average type II speed error in km s −1 would be ∆V II = V II × 0.20. That is, the speed error is large for high speed events. In Fig. 8 , there are only two type II events having speeds greater than 1000 km s −1 . The measurement error in frequency drift is also one of the effects causing uncertainty of the type II speed.
Third, the error in estimating CME speed is as follows. LASCO C2 covers the range 2−6 solar radii with a resolution of about 23 and a pixel size of 11.9 . If we adopt that the height error is 23 arcsecs, then the speed error in km s −1 would be ∆V CME = 2 × 23 × 725/t c , where t c is the time cadence in s. Assuming an average time cadence of LASCO C2 images as 10 min, the speed error can be determined as 56 km s −1 , which is roughly less than 10% of the mean speed of CMEs associated with type IIs (704 km s −1 , Shanmugaraju et al. 2003b) . Also one has to keep in mind the error due to the projection effect of CMEs. Besides, CME speed extrapolation from LASCO field of view to type II formation height also has an error.
XPEs as the sources of type II radio bursts
Although the flares and CMEs are believed to be the sources of coronal shocks, recent investigations (Gopalswamy et al. 1997 (Gopalswamy et al. , 1999 (Gopalswamy et al. , 2001 Klassen et al. 1999a,b; Khan & Aurass 2002; Klassen et al. 2003) suggested that X-ray plasma ejections may also be considered as the drivers of coronal shocks and hence the metric type II radio bursts. For example, the three X-ray plasma ejections studied by Gopalswamy et al. (1997 Gopalswamy et al. ( , 1999 Gopalswamy et al. ( , 2001 ) had speeds 900 km s −1 , 670 km s −1 and 206 km s −1 , respectively. Though the third ejecta had a lower limit speed of 206 km s −1 , all of the three ejecta were found to have good correspondence with type II sources, and, so, they suggested that these ejecta were the drivers of the respective coronal shocks. In the case of Khan & Aurass (2002) , the soft X-ray disturbance was observed to travel with a speed of about 546 km s −1 , and the type II source was found to be located close to the soft X-ray disturbance, and it also showed motions consistent with soft X-ray motions. In support of these results, Klassen et al. (2003) identified the type II precursor as a signature of the reconnection process above the soft X-ray loops which later generated the type II burst.
On the other hand, the XPEs can generate shocks if the speed of XPE is greater than the local Alfvenic speed. Figure 8 shows the ejecta speed as a function of height. As mentioned already in our sample also, there are 6 ejecta having speeds greater than 400 km s −1 . In this figure, Alfven speeds are also plotted for comparison. They were computed using 1 × Newkirk model for both active region magnetic field model (solid line) and quiet Sun magnetic field model (dashed line) using the following relation:
with active region magnetic field model (Dulk & McLean 1978) ,
and the quiet Sun magnetic field model ,
As seen in the figure, most of the ejecta speeds are sub-Alfvenic. As found from the present study, three phenomena (hard X-ray, type II time, XPE) are highly associated. Thus we may expect some correlation between physical parameters of XPEs and type II events though XPE is not a driver of type II shock. More important constraints are (1) the comparison between type II speed and ejecta speed and (2) whether ejecta speed is super-Alfvenic or not. Figures 8 and 9 do not support the XPE origin. We also examined in more detail the following seven events (990611, 990804, 000618, 000623, 001206, 010306, 010324) since the ejecta were observed during type II emission time. In this case, we expect some correlation between ejecta speed and type II speed without any extrapolation if the XPEs are the drivers of type II bursts. For all the seven events, there is no correlation between ejecta speed and type II speed.
Even though we can not rule out a possibility that some type IIs are generated by XPEs, it is not likely that the XPEs are the main driver of all type II bursts. On the other hand, the relationship between type IIs and CMEs seems to be better from the points (i) weak correlation between type II and CME speeds as in Fig. 8b , and (ii) super-Alfvenic speeds of many CMEs as in Table 2 . Regarding this issue, we note that some of the recent works favor the CME origin (for example, Cliver et al. 1999; Shanmugaraju et al. 2006; and Cho et al. 2005) . Cho et al. (2005) found that a large fraction (81%) of the type IIs have temporal and spatial association with CMEs, and the association increases as their source position approaches to the limb. In addition, Shanmugaraju et al. (2006) investigated the origin of coronal shocks without mass ejections observed during April 1997−December 2000. By analyzing temporal and spatial relationship between flares, type IIs and CMEs of limb events (longitude ≥ 45
• ), they found that there were no coronal shocks without mass ejections except two cases.
Conclusion
We have made the first comprehensive analysis of a set of 18 events of X-ray plasma ejections observed by the space-based Yokhoh satellite (during the period 1999 April to 2001 March). These events are associated with coronal shocks inferred from metric type II radio bursts observed by many ground-based radio spectrographs. For this study, we have utilized the list of 137 limb X-ray plasma ejection events reported by Kim et al. (2005a) . The physical relationship between the plasma ejections and type II radio bursts is investigated by analyzing the characteristics of ejecta and type IIs. The main results obtained from this study are: (i) the X-ray ejections compiled by Kim et al. (2005a) are poorly correlated with metric type II bursts (18/137); (ii) there exists a close temporal relationship between the starting time of type IIs with the hard X-ray flare peak and ejecta time; (iii) there exist negative correlations between X-ray loop length and starting frequency and also between the ejecta height and starting frequency of type IIs; (iv) the type II formation height computed using the starting frequency and 1 × Newkirk electron density model is in close association with or above the height of X-ray ejecta; and (v) while there is no correlation between the type II speeds and ejecta speeds, there seems to be a weak correlation between the speeds of type IIs and CMEs. These results suggest that, while there are examples in which the observed X-ray ejection seems to be linked with a type II burst, the absence of correlation between the speeds of ejecta and type IIs on the whole, and the sub-Alfvenic speeds of the ejections are not in the favor of the ejecta to be the main driver of all coronal shocks. Finally, we suggest that it is necessary to simultaneously examine possible candidates (flare, CME, and X-ray plasma ejections) at the type II burst time in order to draw a more definite conclusion on the origin of type II coronal shock.
